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The o0l1d dispute about botulism as tc what it represents in

#w sense of pathogenesis may be regarded as ended today. Not only

the toxinfectious naturs of botulism had been indisputably proven e

mainly by tns efforts of Soviet investigators, dbut also the basic
factors which condition the infectious effecta of Cl. botulinum

- ———— -

in the animal organism, f
Among these factors of the main importance is the botulinel
toxin, which, together with the microbe, causes dotulism diseaaes.L
KINBRVIN et al, indisputably proved under experimental con-
ditions the effects of the toxin and this has been further verified
by MATVEEV. A detection of this fact permitted us to substantiate

a ssries of observations made in the field of epidemiology and to
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impart olinical data on dotuliem, together with the ladoratory
findings develcoped in the courss of investigetions; it alao
permitted to establish new facts,QYE}eﬁh bazic ones are the follow-
ing:

1) The production of the toxin takes place in ths very organ-
ism in the course of toxinfection caussd by Cl. botulinum;

2) The production ¢f the toxin originates mainly in the di-
gestive iracy;

3) The antitoxic antibotulinal serum must be administered

ip ¢he course of treatment n. . only by parsntersl, but also by

the enteral method, '

The question of the mechanism of the "sensitizing" activity
of the toxin in infected organisz aszumes a great significance in
view of the specific importance of the rois of ths toxin (as ee-
tabiished by us) in the formation of infsctious effsct of the
microbs, 1.8, the causative agent of botulism, Dus to this con-
dition, the microorganisa has an opportunity %o multiply, to pro-
duco the toxin and thue to render its pathogenic effect., The
0xp1anation of this fact would be, on ths one hand, a naw proof
that fully acknowledges the toxinfecticus nature of dotulism, snd,
on the other hand, i%t would permit a reeearchsr to come closer to
the clarification of the esasnce and characteriestics of the process
that unfolds itself in an orgenism stricken by botulism,

In eslecting & trend with which we should carry on the investi-

gation of the discussed problem, we chognizod the following con-

siderations. First, tue phagocytic phylaxis is one of the basic
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faotors which deteraines the natural immunity in the organism. Many
suthors, bveginning with ven ERVENGEM, explain by phagocytosis the
resistance of the orgsnism to the spores of Cl., botulinum, But, none
0f the investigetors studiad the effects of the botulinal toxin on
leukooytes and on phagocytosis,

Thus, in order to study this problem, we set our experiments
in two directions: on the one hand, wv studied the sffects of the
toxin on leukccytes and on phagocytoais in vitro, and, on the other
hand, we administered the toxin to guinee pigs and then, at various.
times, we investigatad the phagocytio activity of leukocytes in the
blood of thess aninmals.

Briefly, the experizental method boiled down to this, We used
botulinal toxin type A, odbtained in & usual way by cultivating botu-~
linal strein No.98, The titrations of various series of fresh ?pxinﬂ
ranged from 1:',000 to 1:6C,000 for white mice, In Bowe experiments
we used 0ld toxin with a titer of 1:300, We also used the golden
staphylococcue strein Ko.209 as a culture un which we tested the
phagocytic activity of leukocytes. A suspeunsion of this microbe was
prepared from & daily agar culture and it contained 2 billion mi-
crobic vodies per 1 ml,

+ In control experiments, instead of the active toxin, we used
inactivated toxin that was heated in a water bath for 20 minutes,
In two other series of the control test tubes, we substituted the
toxin either by the initial broth in which the toxin was prepared,

or by & physiological solution. The test tubes were kept in an incu-
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-bator for 30 minutes, whereupon & count of phagocytized cocci was

asde sand inciuded 50 leukocytes, Than, wa concluded the phagocytio
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index and computsd the average number of cocci per one leukocyte,
We resolved 7 series of investigations in & total numder of

65 experiments. The area and the results of these inveatigations

were concentrated con the following course, In the first series of

investigations we sampled a freshly prepared toxin with the titer

e S,

1:60,000 and we took 8 human blood as a source of leukocytes,

The examination included the effeots of the whole toxin, as
well as the toxin in dilutions of 1:100, 1:1,000 and 1:10,000, Ve
also exaxined the effecties of the toxin inactivated in 30 minutes
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at 100%.
Phagocytosis Test wmith Leukocytes of Human Blood ‘:D

3 Ingredients added Dilutions of toxin Control o
- to the citrated Whole 1:100 | 131,000} 1:10,000 | PBbeso-
- husan blood ' P cytosis

x Botulinal toxin 0.94 2.84 3.4 4,18 -

] Inactivated toxin 4,24 4.34 4.5 3.98 -
- Initial broth 5 - 4,08 5.36 -

A Control of
' phagocytosis - - - - 4.0
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The Table shows that botulinal toxin exerted & consicdersble
effect on the intensity of staphylococci. The latter still showed
] a 8lightly inhibiting effect in & 1:1,000 eolution. The spec.ficity
% of the toxin’s effsct was apparent from this that, while depressing
the effects of phagocytosis, the intensity of the toxin decreased
with the extent of the toxin's dilution. This becume particularly <:)
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clear from the faot that®the toxin insctivated by boiling ceased
to sffect the phagooytosis.

The findings resulting from the second end third expsriments
conducteéd according to the same procedure anl with ths same bdlood
used, differed 1littls from the results just desorived. Alsc hers
the undiluted toxin revealed its maximum depressing sffect on phego-
cytosis, And here, too, the same rules prevailed in connection with
a iscrease of the toxic effect on phagocytosis, i.e. in acé;;danco
with the extent of the toxin’s dilution, Control experiments with
the inactivated toxin and with the initial broth, es well as with
the physiologicsl solution, brought approximstely the same phago-
cytic indices.

The next two series differed from the aforodoacr%kod in thie
respect that we used a Z-month old toxin in one experiment* (No.4)
with its lethal dose for write mice equal to 1:300; we ueed in the
other experiment (Fo.5) a fresh toxin with & titer 1:1,000 snd,
instead of human dlood, we ueed rabbit’s dlood,

The resulte of the two investigations differed considerabdly
from the results of the first three series, The difference extends
to this, Pirst of all, the degree of the suppression of phagocytcsis
was expressed much more sharply. Thus, in the experiment No.4, in-
volving a whole (undiluted) toxin, the phagocytic index was only
0,06; with a fresh toxin - 0.04; the retardation still observed
with a 1:20,000 dilution was 2.98, while the control index wes 3,54.
The doses of the toxin were smaller in both experimente than a

single minimal lethal dose of & mouse, but they retarded the phago-
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sytic activity of leukocyles considerably more,

| The indicated difference in the results of the two groups of
sxpsrixents can only be explained by this that in the first experi-
zents we nade obrervations on human leukoeytes, while in the sub-
sequent two groups - on rabbits’ leukocytes., It is & kmowrn fact
that the eensitivity to leukocidin differs with various types of
leukocytes. LENGELSHEIM noticed this already in 1900. He proved
that leukocytes of froge are entirely insensitive to staphylococcie
Jeukocidin, whils mics and guinas pigs are very little sensitive, |
also'yaung dogs are moderstely sensitive, but rabbits are highly
sensitivse,

The purposs of the subdbusequent series of experiments in vitro
vas {0 study the problem: what will be the effect of the toxin on
the phagocytic properties of leukocytes, after the toxin had geon
influenced by the nesutralizetion with the antibotulinal antitoxic
serurn, The method of the experiments contained the following ob-
jective, We sampled two series of toxins, The mirimal fatal mouse
dose of one series was squal to 1:1,000, and the other - to 1;300,
In thess .experiments we mixed 0,5 ml of the toxin with 0.2 ml of
the anvitoxic serum type A; then, to two other test tubes, which
contained the same quantity of toxin, we added 0.2 ml of standard
horse serum, The teet tubee with the mixtures were placed in incu-
bater for 1 hour, whareupon, according to the usual method, one
volwse of their contentis was added to three volumes of the citrsted
rabbit’s blood and, then, this was mixed with one volume of the
staphylococcal suspension,

.

Instead of one volume of the to¥in’s mixture with the serum,
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we used for the control tecst tube one volumé of pure toxin, either
whole, or diluted 1:100,

Pollowing the usual 30-minute stay of the mixture in the incu-
bator, we took smears in order %o determine the phegocytic index,

Thue obtained rssults showed that the toxin under these con-
ditions elso had a sharp effect on phagocytosis, While the phago-
cytic index in the control experiment (where no toxin was used)
equaled 3,02, it decreased to 0.14 and M,18 in experiments wi?h
whols toxins, and to 0.8 and 0.86 with the toxins diluted 1:100.
However, following & prior storasge with the antitoxic serum, the
depressive sffect of the toxin decreased; ths phagocytic index in-
creaeed in experiments with the whole toxin to 1.14 and 1.28, also
to 2.22 and 2,08 with the toxin diluted to 1:100,

In the experiment with & standard horse serum the phagocytic
indices were 0,16 and 0.C8 for whole toxins, and 0,68 and 0.7 for
diluted toxins,

¥e Buppose that the resulte of these experiments contair ad-
diticnal and very conclusive dats in favor of this thet botulinal
toxin possesses in a high degree a peoculiarity in that it decrsases
the phagocytic properties of leukocytes, and also that this charac-
teristic of the toxin bears its highly distinct pattern to the
sxtent that 8 spscific antibotulinal serum can neutralize it.

The results obtained by us indicated a diverss effect of the
botulinal toxin on the phagocytic activity of leukocytes and induced
us to modify somewhat the sxperimental technique toward lengtﬁghing
the contact time of the toxin with leukocytea. This problem was of
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interest in connsotion with this that under usual experimental
arrangsment the effect of the toxin on leukocytes is merely extend-
ed to 30 minutes and that,in & naturally progrsssing toxinfection
of dotulism, the toxemic procsss can be fsirly long. The change of
the teohnigque in the arrangement of our investigations was reduced
to this: prior to the experiment with phagocytoeis, we kept the
citrated rabbit blood at 37°C for one hour either with a whole
40xin, or with & toxin diluted to 1:100, and only after this we
added the suspension of staphylococci, The subsequent course of
the expsriment followed in & usual order, Por control purposss we
run an experiment in which the citrated rabbit’e blood without &
t0xin was stored for.one hour &t 37°C, whereupon it was used as
one of the ingredients in the experiment with the phagocytosis.
¥Yhile mampling one of the toxins in a whols condition, we
found the phagocytic index at 0.02, then, with the same toxin di-
juted to 1:100, the phagocytic index was O; the phagocytic indices
with the next toxin were respectively O and 0.02, At the same tims,
when the citrated blood was stored without & toxin in an incubdator,
the phagocytic index in control experiment was 2,96,

The dascribed observations showed undoubtedly that,a sharp
decrease of phagocytoeis, which is combined with the time of action
of the toxin on lsukosytes, depends precis<ly oa the effect of the
toxin and not on any other factors, Thus, we were confronted with
the question: is a ohange in the basic biological properties of
leukocytes, resulting from the botulinal toxin, accompanied by a

ohange in ths morphology of leukocytes? Yst, the investigations
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proved that considerable changes in the atruciure of leukocytes
were observed not only in the experimental but slac in control
sxeare, whers the leukocytes were not exposed to the sction of the
toxin, ‘ )

The results obtained by us during investigation of the effecte
of the botulinal toxin oébhagocytic characteristics of leukocytes

in experiments in vitro induced us to maks analogoue observations ..

with relation to leukocytes of guinea pigs, after they received
the type A toxin parenterally., Our expsriments were disadvantagqous
in some respects. Since we were unable to select all animals of
alike weight for our observations, the weight of guinea pigg'in
individual experiments varied between 200 and 800 gum. Howev;r, the
results obtained according to the rules wsre aimissible 8o that

the circumstaence mentioned by us looses even its relative importance

substantislly.

The main point of the observations on guinea pigs centered on
this. We had 25 animals for the experimeﬁt. Prior to administration
of the toxin, we took one or two blood tests of guinea pigs (from
the aural vein) and, according to the aforedescribed method, we
performed the phagocytosis experiment with staphylococci !satrain
No.209)., Then, we administered the loxin in any Juantities to guinea
pigs, and we took the blood test again after the foilowing Tixed
time periods: 30 minutes, 3 houre and every consecutive day, until
death, or recovery.

One guinea pig received in advancs a fatal dose of the toxin,
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The determinstion of the phegocytic index in this guinea pig pro-
duced the follswing resulta; the index was 11.9 and 13,8 pricr to
infection; then, it decreased to 6.1 after 3 hours; to 1.3 after
one day; to 2 sfter two days; it advanced to 2.4 after 3} days; then
to J.7 atter 5 days; after 35 days the phegocytic index was normal
and thus it equaled 10.7.

The first series of experiments were performed on 6 guinea
pigs. They w;rt adminiatered botulinal toxin of S-day growth (mini-~
mal lethal dose for a wouse 1:500) in nonlethal quantities (one.
guinea pig received 3 Dim, two -~ 5 Dlm each, two ~ 10 Dlm each and
ons - 15 Dlm); 13 days later, whils the guinea pigs still appeared
in normal conditions, they were deliberately reinfected with fatal
doses of the same toxin (30, 40 and 60 lethal mouse doses), Only
one guinea pig of this group was not reinfected, because of death
due to accidental reuson on the 7th day after exposure to the toxin,

In 30 minutes after the first administration of the toxin, we
observed in all guinea pigs some drop and, at times, a sufficisntly
profound drop of the phagooytic index. The phagocytic index in
guinea pig No.3 dropped from 4.26 t0o 0.86 after the animal received
subcutaceously 15 mouse doses of the toxin, The drop of the phago-
cytic index was still greater after 3 hours; it reached its maximunm
after a day to 0.04, The phagoortic index began to increase after
2 days; but even after 7 and up to 13 days it did not attain its
initial magnitude, . S

The depth of the drop of the phagocytic index depended on a
dose of the administered toxin., The decrease was the greatoutiéz
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one guinea pig which received 15 mouae doses of the toxin, and the

smalleat one in another guinea piz, which received 3 doses of the

‘toxin,

The second administration of the toxin to guinea pigs took plaoce
after 13 days following the first infection, when the phagocytic
index in animals was close to the initial index, While the weight
of gﬁinea pige dropped sligntly in the first week following the
intoxication, it almost returned to the initial level at the time
of the second administration of the toxin, We used £ guinea pigs ‘
in the axperiment, They received from 30 to 60 fatal mouse doses,
One guinea pig died after 2 days, and 4 after 3} days, This time,
tiie degree of the drop or the phagocytic index in the first three
hours was either the sams, or it was much sharper than after the
first administration of the toxin., However, the dsgree of the drop
was cni'siderubly greatar in cuinea pigs after a tay following the
se~ond asaminiatration ol the texin, namely: the phagoeytic index
in two guinea pigs was zero, and in three other animals it varied
between 0.2 and 0,34, After 2 days, the index in the latter three
gJuinea pigs also dropped to zero (0.0 and 0,04).

Considering that botulinal toxin is a "sensitizer" not only
to the microbe, but also to the toxicity (MINERVIN and EOTLYAREV-
SKAYA, 1936), we administered botulinal toxin to suinea pigs just
once in this series, We used 18 guinea pigs in this experiment, All
received fatal doses of the toxin and die&nafter },‘2, 3, 4 and 7

days., We observed in all animals a sharp drop in the phagocytic

properties of leukocytes. The intensity of the phagocytosis depended
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anirsls followed sfter 1 to 2 days, the phagooytic indsx dropped

t0 0.0, 0.06 and 0,08 prior to death, In sxperiments, in which
guines pigs received smaller quantities of the toxin and their death
followed after 3 to 4 and 7 days, thoir phagocytic index dropped
reapectively t¢ 0.18, 0.24 and 0.78. It would be wrong to construe

a purely mechanical interpretation thst we odbserved in vitro the

effacts of botulinal toxin on leukocytes and on the processes that

transpire in a living organiam during botuliem, At this point it
is {mportant to consider alaso the supplementary physiological
mechanisms and their role with which we link the protection of an

organisms from infection, In connection with this, we would like

t0 emphasize the critical, early,dsastructive effects in connective
tissues and the "evident and conetant reaction on the part of the
reticuloendothelial syatem”, which is particularly stressed by '
4 LUKAEV on the basis of tne pathologohistological findings obtained

fron exaninations of human cadavers, the victiue of botulisem,

According to our opinion, the changes mada‘by botulinal toxin

IR SEARTY

in the phagocytic properties of 1oukocytos in the bYlood, together
with possible injuries to connective tissues and to the reticulo-
endothelial syetem, develop the anatomical subetrate, which explains
ths mechanism of the "sensitizing" effect of botulinai toxin,

At the same time, it is also necessary to mention that botulism

A affeocts the central nervous system, as clinical observations prove,

In comnection with this, even such physiclogical mechanisms cannot

remain unaffected, which are linked with the inherent protection

w12 we

on & degree of the intoxication., Thus, in instances when death of <:>
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of the organism from infection. One must alsc consider the dis-
turbances in the functions of the vegetative neural system,which
oan be refiected in ths phagocytic activity of leukoeytes,

A%t one time we stated im empirical way the# the greatest
“ssnsitization" of ths orgenism to the causative agent of botulism
takes place afier one day following thes sdminiatration of the toxin.
In studying the inhibition of the phagocytic properties of leuko-
cytes under the influence of bLotulinal toxin administered to the
organism, uﬂ;dilcovorod that the inhibition o{rfho phagocytoeis to
& maximal degree is also observed in loukocytoa‘attor oné day. The
coinciding time periods which involve the maximal sensitivity of
animsls to the miorobe after its sensitization by the toxin, to-
gsther with the maximal simultaneous drop in the animsls’ phago-
cytic capecity, coﬁv&ncos~ue~noro~£1:nly a8 to the correctness of
the-explanation that the botulinal toxin’s "sensitization” mecha-
nism has its effect on the microbic causative agent.
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